In slope engineering, soils are commonly at unsaturated state. 
Introduction
Unsaturated soil widely exists in the nature while saturated soil rarely exists in the nature. It is especially true in arid area and semi-arid area [1] . Landslide often happens in natural soil slope, manual excavation slope, and subgrades of hill fill highway and railroad after rain. Landslides of earth embankments and earth dams happen because of drop of water level. All the phenomena concerning landslides are closely pertinent to unsaturated soil slopes. Stability analysis on unsaturated soil slopes is a widely used tool of estimating stability factors of natural and artificial unsaturated soil slopes [2] [3] [4] .
At present, most calculation is based on saturated soil. Few studies have been done on unsaturated soil slopes. For slope structures in construction, most of them are under partial or total unsaturated condition. Limit equilibrium analysis methods are used to analyze slope stability, including Fellenius slice method, Janbu method and simplified Bishop method [5] . Most of those methods, however, either ignore inter-slice force or base their results on certain assumptions. So the influence of inter-slice matric suction over stability is neglected [6] .Sarma proposed typical limit equilibrium analysis method [7, 8] . Bao Chenggang and Fredlund etc [9] [10] [11] [12] put forward research route of slope stability, as in: water content -suction -shear strength -slope stability. The main idea is to build soil water characteristic curve after obtaining parameters of shear strength. The next step is to find out suction and combine it with boundary conditions to solve the problem of slope stability. Kisch(1959) , Barbour and Yanful (1994) ，Choo and Yanful (2000) revealed seepage steady state condition of unsaturated slopes through one-dimension seepage test [13] [14] [15] . Gasmo,Tahardjo and Leong (2000) conducted seepage calculation of unsaturated soil slope stability [16] . Tsaparas and Tolld (2002) presented the main control parameters of the calculation of slope stability under rain infiltration [17] .
During raining season, landslides of mountainous areas and artificial slopes always happen in southern and southwestern China. Among all the landslides cases, shallow landslides are the most likely to happen. The reason why shallow landslides happen is that shallow soil is usually made up by unsaturated clayey soil, whose mechanical shapes can be greatly influenced by weather [18] . The infiltration of rain increases degree of saturation, increases water content and increases weight of soil, meanwhile martic suction decreases. Thus shear strength changes. In this paper, the authors analyze the influence of water content over soil strength through experiments and discuss how water content and matric suction influence unsaturated soil slope stability through limit equilibrium method.
Sizes Objectives
Research purposes of this article are as fellows: • Obtain the relationship between water content and shear strength index; • Build a slope calculation model for limit equilibrium analysis; • Calculate safety factors of soil slope under different water content by total cohesion and friction angle of unsaturated residual soil on Bishop, Ordinary and Janbu; then find out the most dangerous slip surface corresponding to the minimum safety factor; • Find out how matric suction influences slop stability by residual soil water characteristic curve; 3. Relationship between water content and shear strength index
Physical Parameters of Test Soil
Residual soil, which widely exists in Dalian, China, is used as soil sample. Its dry density is controlled during the sample preparation process so that it is the same as dry density of engineering practice (1.2 g/cm 3 ). Its basic physical properties are presented in Table 1 . 
Experimental Study
The value of cohesion and friction angle of unsaturated soil is not fixed. Both matric suction and soil structure have impact on cohesion and friction angle, which are influenced by water content as well [9] . However a strength formula similar to Mohr-Coulomb can be rewrite by all the formulas that are mentioned before. The relationship and regularity between water content and shear strength need to be studied. First, we take residual soil which widely exists in engineering and make it into remoulded soil samples after slag removal, rolling and sample preparation, etc. Then we inflate and saturate the samples before putting them into TEMPLE apparatus, in which the air pressure will be loaded. This process aims at controlling water content according to soil water characteristic theory. We make samples of different saturation degrees according to the practical range of water content and saturation degree of slop soil in practice. Since the samples are remolded, we conduct consolidated quick shear test to make sure that the condition of soil samples is similar to that of soil in engineering practice. The values of shear strength index of unsaturated residual soil of different water content are obtained through consolidated quick shear test. The relationship between water content and shear strength of unsaturated soil can be discovered after analysis and data processing.
Experimental Results
The consolidated undrained shear mode is used in the experiment. Shear rate is 0.12mm/min. The peak value of principle stress difference ( 13   ) is selected as the failure value. If there was no obvious peak value, the value of principle stress difference of 15% strain would be considered as the failure value. For a group of testing, three specimens are prepared. When each soil sample reaches its peak value or its strain reaches 15%, the peak values are recorded and then an envelop diagram is drawn. Thus shear strength parameters of unsaturated soil of different water content can be obtained.
Experimental results are shown in Table 2 , where C and  are calibrated by Microsoft Origin.
Precision is 0.01. 
Influence of Water Content on Slope Stability
In this paper, based on static equilibrium condition of slip crack soil, Mohr-Coulomb principle and shear strength index of unsaturated soil through experiment, safety factors are calculated by three limit equilibrium analysis methods which include Bishop, Ordinary and Janbu method. The critical slip surfaces are found out among many possible slip surfaces.
Calculation Principle
There exist assuming multi-groups of slip surfaces to be calculated and each slip surface has its own safety factor. The minimum safety factor is picked out as the safety factor of unsaturated soil slope stability. Safety factor can be written in such a mathematical formula.
In this formula， 
Calculation Model
A 20m tall soil slope is selected to calculate. Its slope is 45°. The whole soil slope is homogeneous from up to down. The elastic modulus of soil of slope is 10MPa and its poisson ratio is 0.3. Its bottom is made of bedrock. Computation model is shown in Table 1 . The number of slice is 30. The maximum iterative times are 40000. 
Most Dangerous Slip Surface
18 most dangerous slip surfaces of unsaturated soil slope are obtained through limit equilibrium analysis. Based on the Bishop limit equilibrium analysis method, the calculation result of 23% water content is shown in Figure 2 . Figure 3 shows the calculation result of 18.83% water content that is obtained by using the Ordinary limit equilibrium analysis method. Figure 4 shows the calculation result of 14.80% water content that is obtained by using the Janbu limit equilibrium analysis method. As the figures show, the most dangerous slip surfaces of 23% water ratio and 18.83% water content are similar. Those two most dangerous slip surfaces are different from the most dangerous slip surface of 14.8% water content. 
Influence of Water Content on Slope Stability
Studied in three limit equilibrium analysis methods, influences of water content on slope stability are respectively shown in Figure 5 . As water content increases, soil slope safety factors decrease. There is no obvious difference in decreasing rate among three limit equilibrium analysis methods. Safety factor of soil slope obtained by using the Bishop limit equilibrium analysis method decreases from initial 1.720 to 0.997. Safety factor of soil slope obtained by using the Ordinary limit equilibrium analysis method decreases from 1.669 to 0.930. Safety factor of soil slope obtained by using the Janbu limit equilibrium analysis method decreases from 1.635 to 0.925. Soil water characteristic curve is obtained through soil water experiment. The curve is shown in Figure 6 . Matric suction is zero under full saturation state. By fitting analysis, the mathematical expression of soil water characteristic curve is gained. The expression is shown as follows. 
Where w is water content and u is matric suction.
Based on the expression of soil water characteristic curve, matric suction under different water content can be deduced. The results are shown in Table 3 . 
Influence of Matic Suction on Slope Stability
Studied in three limit equilibrium analysis methods, influences of matric suction on slope stability are respectively shown Figure 7 . We can get the following conclusions can be gotten through analysis. ① As matric suction increases, safety factor of unsaturated soil slope increases gradually. For three limit equilibrium analysis methods, their increasing amplitude is almost the same. ② There is no obvious difference in the results of Ordinary and Janbu, whose results are smaller than the result of Bishop. It is the difference in assumed conditions that makes the results of Bishop bigger. ③Safety factor of soil slope reaches its minimum under saturated condition, which means martic suction is zero. Soil slope becomes most unstable. Under the saturated condition, the safety factors of soil slope of Bishop, Ordinary and Janbu are 0.997, 0.930 and 0.925 respectively. ④ As matric suction increases, water content decreases and soil strength increases as well. Thus unsaturated soil slope becomes more stable. 
Strength Distribution and Comparison
Strength is analyzed on the two most dangerous slip surfaces. One surface, with 82.55kPa martic suction, is studied in the Bishop equilibrium analysis method. The other one, with 445.42kPa martic suction, is studied in the Janbu limit equilibrium analysis method. Figure 8 and Figure 9 show distribution of cohesive force and frictional force along the two slip surfaces. Figure 10 and Figure 11 show the comparison between the maximum resistance shear strength provided by the slip surface and the shear strength caused by the slip surface sliding. As matric suction increases, soil cohesive force increases quite obviously, while frictional force reminds almost the same. The comparison of shear strength indicates that soil slope stability increases as matric suction increases. 
Conclusion
The following conclusions can be drawn: • Experimental research indicates that the shear strength index of unsaturated residual soil changes along with water content. Cohesion increases significantly as water content decreases, but frictional angle changes little as water content decreases. • Calculation models of soil slope is built. 18 most dangerous slip surfaces are calculated by using three limit equilibrium methods, which are Bishop, Ordinary and Janbu methods. The results indicate that slope stability decreases as water content increases.
• The relationship between matric suction and safety factor of soil slope is obtained through soil water characteristic curve. The results indicate that soil shear strength increases as matric suction increases. Thus slopes become more stable.
• As rain infiltrates into the shallow slip surface of residual soil slope, matric suction decreases and soil shear strength decreases significantly, which make the surfaces slide. The whole residual soil slope will finally become unstable. There is little system research on the unsaturated soil slope currently. Study in this paper has heavy theoretical significance and provide an important basis for the unsaturated soil slope design.
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